Figure S1 SEM images of CF-G-2 (a, b), CF-G-3 (c, d) and CF-G-4 (e, f) samples. The area conductivity of these samples are tested by a equipment shown in Figure S3a . The sample with an area of 6.25 cm 2 was placed into the PVDF frame (2.5 * 2.5 cm) and pressed to 2 mm, then linear sweep voltammetry (LSV) technique was used to get the I-V curve Figure S6 CV curves of CF electrodes under different scan rates range from 5 mv s -1 to 50 mv s -1 .
Figure S7
CV curves of CF-G-2 (a), CF-G-3 (b) and CF-G-4 (c) electrodes under different scan rates range from 5 mv s -1 to 50 mv s -1 . 
where Eo is the equilibrium potential, Epa is anodic peak potential, Epc is the cathodic peak potential, m is the total number of peaks.
The reversibility of the reaction can be estimated by the value of ) a ( Epc Ep  /n (n is the tansfer electron numer during oxidation/reduction processes). The reaction is irreversible if the value is larger than 57~63, as shown in figure S6 , the values of ) a ( Epc Ep  /n (~300-800 mV varying with scan rate) are much larger than 57~63, suggesting the reaction system in our experiment is totally irreverbile. The following equation can be utilized to calculate reaction rate constant of totally irreversible reactions.
Where Ip is the peak current density, n is number of transfer electron during electrode reaction (n = 1), F is faraday constant (F = 96485 C/mol), A is surface area of the electrode (geometric area ~ 1 cm 2 ), C o * is the electrolyte concentration (0.1 M), K o is the reaction rate constant, α is the symmetry coefficient and Ep is peak potential. A plot of ln Ip vs.
determined at different scan rates have a slope of -αf and an intercept proportional to K o . The K o can be obtained from the intercept without using the α value. 
Figure S8
The VRFB performance with the CF-G-1 as positive electrode within 200 cycles (change the membrane after 100 cycles).
Figure S9
XPS C1s and O1s high-resolution spectra for CF-G-1 after 100 cycles.
Figure S10
XPS survey (a), C1s high-resolution (b) and O1s high-resolution spectra (c), and VRFB performance of CF-G-1 of after concentrated nitric acid treatment (d).
Figure S11
The proposed catalytic mechanism for CF-G materials during VO 2 + /VO 2+ redox reactions.
Figure S12
SEM images for CF-G-1 after 200 cycles (a) Homemade electrode stability test apparatus (b), SEM image after long structure stability test (c).
